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Abstract. The aim of the present paper is to study the variation of fatty acids content during 
the ripening of semihard cheese (type Holland), after adding in the milk, used for the coagulation, of a 
lipolytic enzymes, and the comparison with the data obtained from the analysis of a witness cheese 
(without enzymes added) obtained and ripen in the same technological conditions. For investigations 
were collected and analyzed samples at different times during ripening. 
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INTRODUCTION 
 
Cheese, as result of applied biotechnology, is one of the most complex and dynamic 
food products. Usually, maturated cheeses are also called „fermented” cheeses. This term 
suggest the fact that the production process takes place until an advance fermentation 
(maturation) phase, which has as result the profound transformation of the compounds, in 
order to obtain the characteristic properties of the product. 
Cheese maturation represents one of the most complex processes of food product 
biochemistry and it still remains today the most difficult operation in the cheese production 
process.  
 
MATERIALS AND METHODS 
 
This study took into consideration two types of semi-hard cheese: 
 A witness sample – the cheese was obtained using the classic production 
technology for Holland cheese assortment;  
 A cheese with added lipolytic enzymes; aroma lipolytic enzymes were also added 
in milk before coagulation. 
The samples were analyzed at a certain time intervals, from production (at 24 hours 
from production, 25 and 50 days of ripening):  
M1 – the witness sample at 24 hours from production; 
M2 – the witness sample at 25 days of ripening; 
Bl2 – the cheese sample with lipolytic enzymes at 25 days of ripening;  
M3 – the witness sample at 50 days of ripening; 
Bl3 – the cheese sample with lipolytic enzymes at 50 days of ripening. 
The sampling was made according to STAS 9535/1-87. 
Using the GC-MS technique, we were able to appreciate the lipolytic changes in 
cheese, by determining the fatty acids from Holland assortment. The analysis of fatty acids 
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consists in their extraction and preparation by transesterification and than their analysis by gas 
chromatography. The main steps in the fatty acids analysis are: 
a. Lipids extraction. 
b. Chromatographic separation of different class of lipids by TLC. 
c. Obtaining the methyl- esters of fatty acids. 
d. Separation and identification of fatty acids methyl-esters by gas-chromatography(GC) 
e. Gas-chromatographic analysis. 
 
RESULTS AND DISCUSSIONS 
 
The conditions of temperature and humidity were monitored, throughout the ripening 
of the experimental samples of cheese, so that the temperature ranged between 13.5 and 15°C 
and humidity between 83 and 86%.  
The obtained results, regarding the content of free fatty acids during semihard cheese 
ripening type Holland, and are presented in Tab. 1. 
 
Tab. 1 
Percentage content of free fatty acids from experimental Holland assortment samples 
 
No 
crt 
 
Fatty acids 
Sample 
M1 M2 M3 Bl1 Bl2 Bl3 
fatty acid in % 
1. Butiric 4:0 0,39 ---- ---- ---- 0,47 ---- 
2. Pentanoic 5:0 0,27 1,63 1,95 ---- 0,63 1,12 
3. Caprilic 8:0 0,25 0,41 2,07 ---- 0,77 0,38 
4. Capric 10:0 0,26 0,56 2,7 ---- 1,22 0,36 
5. Lauric 12:0 1,17 1,00 5,63 1,42 1,56 0,62 
6. Miristic 14:0 4,44 2,86 17,84 5,79 4,48 1,78 
7. Palmitic 16:0 23,25 19,66 8,19 26,83 19,30 16,44 
8. Palmitoleic 16:1 1,19 1,24 3,37 1,31 1,54 0,98 
9. Margaric 17:0 0,67 0,50 2,24 0,67 0,79 0,35 
10. Stearic 18:0 12,88 12,96 4,30 14,42 9,71 5,90 
11. Oleic 18:1 21,88 20,14 7,31 29,38 19,06 26,01 
12. Vaccenic 18:1 IS 3,18 1,99 9,91 4,56 2,59 ---- 
13. Linoleic 18:2 2,71 20,13 9,61 3,32 9,10 33,38 
14. α-linolenic 18:3 3,87 ---- 2,15 4,73 0,69 0,26 
15. Arahic 20:0 0,25 ---- 0,72 ---- 0,48 2,85 
16. Gadoleic 20:1 0,33 ---- 0,70 ---- 0,46 0,54 
17. Other fatty 
acids ---- 29,59 16,92 21,31 7,57 17,15 9,03 
 
 
In Fig. 1 is presented variation of free fatty acids percentual content for analyzed 
experimental Holland cheeses.  
In Fig. 2 is presented variation of free fatty acids content for Holland assortment 
witness sample. 
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Fig. 1. Variation of free fatty acids percentage content for analyzed experimental Holland cheeses 
 
In Fig. 3 is presented variation of free fatty acids content for Holland assortment with 
lipolytic enzymes. 
In the case of experimental cheese with added lipolytic enzymes, in sample Bl1, the 
next acids haven’t been found: pentanoic, caprilic, capric, arahic and gadoleic. Vaccenic acid 
was identified in all samples, excepting sample Bl3. For all the acids, excepting α-linolenic 
acid, which decreases quantitative after 25 days of maturation, a quantitative increase is 
observed during the maturation period of lipolytic added enzymes cheese. 
In this case, the highest percent, immediately after production, was found for oleic 
acid (29.38%), at 25 days of maturation for palmitic (19.30%) and oleic (19.06%) acids, and at 
50 days of maturation for oleic (26.01%) and linoleic (33.38%) acids. 
The short chain fatty acids directly contribute to the flavor of cheeses, instead FFA are 
the precursors of some volatile aromatic compounds, and thus indirectly contributes to cheese 
flavor (PAUL L.H. McSweeney, 2004).  
In the case of witness sample, the study fatty acids have a significant increase during 
maturation: 4 times for pentanoic acid, until 5 times for caprilic acid, and 7 times for capric 
acid. In sample M2, the α-linolenic, arahic and gadoleic acid were not found. In the case of 
witness sample, the higher proportion of FFA is represent by palmitic acid (23.35%) and oleic 
acid (21.88%) for sample M1, oleic (20.14%) and linoleic (20.13%) acid for sample M2, and 
miristic acid (17.84%) for sample M3. 
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Fig. 2. Variation of free fatty acids content for Holland assortment witness sample 
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 Fig. 3. Variation of free fatty acids content for Holland assortment with lipolytic enzymes 
 
In Fig. 4 is presented variation of free fatty of total free fatty acids content for the 
analyzed experimental Holland cheeses: 
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Fig. 4. Variation of total free fatty acids content for the analyzed experimental Holland cheeses 
 
Using lipolytic enzymes for the acceleration of Holland cheese maturation, the content 
of free fatty acids increases from 194.9329 mg/100g of product to 358.9963 mg/ 100 g of 
cheese at 25 days of maturation and to 789.408 mg/ 100 g at only 50 days of maturation. 
The fatty acids with short chain, in an adequate concentration have a major 
contribution on the aroma of cheese. These acids can be transformed in other important aroma 
compounds (methyl-ketones, lactones, especially γ and δ lactones). 
Analyzing the short chain fatty acids, from compositional point of view, the follow 
remarks can be drawn:  
 
Witness sample:  
- C4:0 is identified only at obtaining: 0.842 mg/ 100 g; 
- C5:0: 0.594 mg/ 100 g at obtaining, 4.415 mg/ 100 g at 25 day and 5.481 mg/ 100 
g at 50 days of maturation; 
- C8:0: 0.535 mg/ 100 g at obtaining, 1.115 mg/ 100 g at 25 days and 5.808 mg/ 100 
g at 50 days of maturation.  
 
Cheese sample with added lipolytic enzymes: 
-    C4:0 is identified only at 25 days of maturation: 1.964 mg/ 100 g; 
- C5:0: 2.296 mg/ 100 g at 25 days and 8.892 mg/ 100 g at 50 days of maturation; 
- C8:0: 2.784 mg/ 100 g at 25 days and 3.057 mg/ 100 g at 50 days of maturation. 
 
CONCLUSIONS 
 
The ripening of the experimental samples took place in air-conditioned warehouse, 
where it was monitored the temperature and the relative humidity of air. The average 
temperature was between 13.5 and 15°C and the values of the relative humidity of air were 
between 83 and 86%. 
 In the witness sample, at obtaining, the next free fatty acids have a concentration over 
10% from total: palmitic acid 23.25%, stearic acid 12.88% and oleic acid 21.88%. At 25 
days of maturation, the above mentioned acids are still over 10%, but the concentration of 
linoleic acid increases from 2.71% to 20.13%; at 50 days of maturation, in the witness 
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sample, only the miristic acid was found in a proportion over 10% (17.84%). 
 In the case of the cheese sample with added lipolytic enzymes, over 10% from total 
fatty acids content, at obtaining, is representing by: palmitic acid 26.83%, stearic acid 
14.42% and oleic acid 29.38% (same as in the witness sample, at obtaining). At 25 days of 
maturation, palmitic (19.30%) and oleic (19.06%) acids are in a proportion over 10%, and 
at 50 days of maturation the concentrations of the palmitic acid is 16.44%, 26.01% for 
oleic acid and 33.38% for linoleic acid.  
 Some of the advantages of enzymes use are:    
 Obtaining an improved taste and aroma in a shorter time;  
 Cheeses are an important source of essential fatty acids (linoleic and linolenic) which 
are precursors of prostaglandins that are responsible for many physiological effects in 
human body;   
 Relatively low costs with enzymes reported to liter of raw milk;   
 Reduction of costs for exploitation and maintenance of maturation spaces 
(rooms);   
 As disadvantages: 
• Supramaturation risk; 
• The possibility of a non-uniform repartition of enzymes in cheese;  
• The possibility of bitter taste and unspecific aroma appearance.  
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